One of the first steps in the biosynthesis of cholesterol from acetic acid is catalyzed by mevalonate pyrophosphate decarboxylase (MPD). This decarboxylase catalyzes a bimolecular reaction between mevalonate pyrophosphate and adenosine 5Ј-triphosphate (ATP) to form isopentenyl pyrophosphate, inorganic phosphate, ATP, and CO 2 . The enzyme has been purified from various sources, including yeast, 1, 2) latex of Hevea brasiliensis, 3) pig liver, 4,5) rat liver, [6] [7] [8] and chicken liver. 9) Toth and Huwyler reported the cDNA sequences of MPD from human liver and yeast.
Radioactive Assay
The enzyme activities of the crude extract were measured according to the method of Sawamura et al.
11)
Purification of MPD in Rat Liver Purification of MPD in rat liver was carried out as described by Michihara et al. 8) Purification of Anti-rat 45-kDa MPD Antibody and Preparation of Anti-MPD Antibody-Affigel 10 We previously reported that anti-rat 45-kDa MPD antiserum contained albumin antibody. 8) Therefore, to remove the albumin antibody from anti-rat 45-kDa antiserum, we carried out the following procedure. The anti-rat 45-kDa MPD antiserum prepared by Michihara et al. 8) was applied to a column of Albumin-Affigel 15 (2 mg of albumin/ml of packed gel) equilibrated with phosphate buffered saline (PBS) containing 0.15 M NaCl (buffer A). The Albumin-Affigel 15 was washed with three column volumes of buffer A. The flow-through solution was applied to a column of purified 45-kDa MPD-Affigel 15 (0.5 mg of MPD/ml of packed gel) equilibrated with buffer A. The column of purified 45-kDa MPD-Affigel 15 was washed with buffer A until the absorbance at 280 nm dropped to the base line level (0.005-0.01). The anti-rat 45-kDa MPD antibody bound in column was eluted with glycine-HCl (pH 3.0) containing 0.15 M NaCl. The elutant was adjusted to neutral pH by adding 1 M Tris solution and then concentrated with the Amicon Diaflo apparatus. The column of anti-rat 45-kDa MPD antibody-Affigel 10 (0.5 mg of MPD/ml of packed gel) was prepared using the above antibody.
Cultured Hepatocytes Hepatocytes were obtained from rats by collagenase perfusion as described by Seglen. 12) Hepatocytes (3ϫ10 6 ) were diluted with Eagle's minimum essential medium (MEM) containing 10% fetal calf serum (FCS), then incubated in humidified air containing 5% CO 2 The 45-and 35-kDa subunits of mevalonate pyrophosphate decarboxylase (MPD) have been purified from rat liver. In this study, we examined the relationship between 45-and 35-kDa MPD and the tissue distribution of a major MPD in rat liver. When the crude extract of rat liver fed on normal chow was subjected to immunoblot analysis using anti-rat 45-kDa MPD antibody, only the 45-kDa band was detected. In a pulse-chase experiment using anti-rat 45-kDa MPD antibody, there was no precursor-product relationship between the 45-and the 35-kDa MPD. In immunoprecipitation, more than 85% of MPD activity in the rat liver was depleted from the crude extract with an excess of the above antibody. When 45-kDa MPD contents in tissues were analyzed by immunoblotting, a single protein band with an apparent molecular weight of 45 kDa was detected in all tissues. The specific protein content of 45-kDa MPD in liver was markedly higher than in other tissues. The activity/amount ratio varied among brain, liver, and testis, being significantly highest in the liver. From these data, it is suggested that 45-kDa MPD serves as a major enzyme involved in cholesterol biosynthesis in rat liver and that a tissue-specific regulator or isozyme of 45-kDa MPD is present in rat liver.
incubated for 20 min in this medium containing 150 mCi of [
35 S]-L-methionine. The cell monolayers were washed once in Eagle's MEM containing 5% FCS and 2 mM methionine, then incubated in the same medium until solubilization, unless otherwise stated. Immunoprecipitation of Labeled MPD Labeled rat hepatocytes were washed with ice-cold Hanks' buffer, lysed in 0.2 ml of 1% sodium dodecyl sulfate (SDS)/0.5% Triton X-100/0.15 M NaCl/2 mM EDTA/10 mM Tris-HCl (pH 7.0) for 1 h at 4°C, and was diluted 10 times with 0.5% Triton X-100/0.15 M NaCl/2 mM EDTA/10 mM Tris-HCl (pH 7.0)/protease inhibitors (leupeptin, pepstatin A, chymostatin, antipain, 10 mg/ml each). After centrifugation at 106000ϫg for 60 min, the resultant supernatants were incubated with antirat 45-MPD IgG (60 mg) for 1 h at 4°C followed by incubation with Protein A-Sepharose CL-4B beads for 12 h at 4°C. The sedimented beads were washed five times with 1% Triton X-100/0.5% deoxycholate/0.15 M NaCl/2 mM EDTA/ 0.1% bovine serum albumin (BSA)/10 mM Tris-HCl (pH 7.0) (buffer B), five times with buffer B containing 2 M KCl, and then twice with 0.1% SDS/0.5% Triton X-100/0.15 M NaCl/10 mM Tris-HCl (pH 8.6). The immunocomplex beads were suspended in 50 ml of sample buffer containing 5% bmercaptoethanol for electrophoresis. The mixtures were boiled in a hot bath for 3 min. The supernatants collected by centrifugation were resolved by SDS-polyacrylamide gel electrophoresis (PAGE). Radioactive bands were detected by fluorography using ENHANCE (NEN, Boston, MA, U.S.A.) on Kodak XAR-5 film. Positive protein bands were quantified using a Gel-Pro analyzer (Media Cybernetics, Silver Spring, MD, U.S.A.) according to the method of Guengerich et al.
13)
Preparation of Crude Extract Rat tissues were washed with 100 mM sodium phosphate (pH 7.0) containing 10 mM b-mercaptoethanol and 1 mM EDTA, and then homogenized in 3 volumes of ice cold homogenate buffer [100 mM sodium phosphate (pH 7.0) containing 1% Triton X-100, 10 mM bmercaptoethanol, 1 mM EDTA, 0.5 mM phenylmethylsulfonyl fluoride (PMSF), and protease inhibitors] using a Physcotron motor-driven homogenizer. The homogenate was centrifuged at 106000ϫg for 1 h to obtain a crude extract.
Gel Electrophoresis SDS-PAGE was performed on 10% slab gels according to the method of Laemmli.
14)
Immunoblot Procedures Proteins in SDS-slab gel were transferred to a nylon membrane (NEN) by electrophoresis, using a modified version of the procedure of Towbin et al. 15) The positive bands were visualized using ECL Western blotting detection kits (Amersham Pharmacia, Amersham, U.K.) that contain a sensitive chemiluminescent substrate for horseradish peroxidase.
The crude extract of various tissues were subjected to Western blot analysis using anti-rat 45-kDa MPD antibody. When the amount of 45-kDa MPD in the crude extract was measured, a parallel experiment with known amounts (5-110 ng) of purified 45-kDa MPD from rat liver to prepare a standard curve. The signals were quantified with a Gel-Pro analyzer and the amount of 45-kDa MPD in the crude extract was quantitatively estimated from the standard curve.
Protein Determination Proteins were determined by the method of Lowry et al. 16) using BSA as the standard.
RESULTS AND DISCUSSION
Immunoblot Analysis of 45-kDa MPD We previously purified two MPD subunits (45-, 37-kDa) from the liver of rats fed on a diet containing 5% cholestyramine and 0.1% pravastatin (CP diet) and polyclonal antiserum raised against 45-kDa MPD.
8) The purified 45-kDa MPD was subjected to SDS-PAGE followed by blotting onto a nitrocellulose membrane. Strips of nitrocellulose containing the relevant polypeptides were excised, and anti-rat 45-kDa MPD antibody purified after reacted with the antiserum. When the crude extract (20000ϫg) of rat liver fed the CP diet was subjected to immunoblot analysis using the antibody, 68-, 45-, and 37-kDa bands were detected, and a 35-kDa band was sometimes detected. 8) When the crude extract of rat liver fed normal chow was subjected to immunoblot analysis using the antibody, 68-, 45-, and 35-kDa bands were detected. 8) From these data, we concluded that the CP diet induced a new species of 37-kDa MPD. To elucidate whether the above antibody contained impurities, since the 68-kDa band was detected in the crude extract, we affinity-purified the antibody on an 45-kDa MPD-Affigel 15 column as described in Materials and Methods. When the crude extract of rat liver fed normal chow or CP diet was subjected to immunoblot analysis using the affinity-purified antibody, 45-and 37-kDa bands in the crude extract of rat liver fed the CP diet or a 35-kDa band only in the crude extract of rat liver fed normal chow were detected, respectively (Fig. 1) . These results indicate that 45-kDa MPD was immunologically similar to 37-kDa MPD, but not to 35-kDa protein.
Relationship between 45-and 35-kDa MPD When crude extract was subjected to SDS-PAGE followed by immunoblot analysis using the antibody raised against lysosome-associated membrane glycoprotein (LGP 85), the antibody reacted with the mature form of LGP 85, but not with the precursor form. 17) However, when a pulse-chase experiment was performed, the relationship between the mature form and precursor form was clarified. Therefore, to determine if a precursor-product relationship existed between the 45-and 35-kDa MPD in rat hepatocytes, pulse-chase experiments were performed in rat hepatocytes. The cells were pulse-labeled for 20 min at 37°C with [
35 S]-methionine, then incubated for 0-12 h in the presence of unlabeled methio-nine. The 45-kDa MPD was isolated from the cell lysate by immunoprecipitation and analyzed by SDS-PAGE and fluorography. As shown in Fig. 2 , 45-kDa MPD was detected immediately after pulse-labeling. The 35-kDa MPD was not detected at 12 h after pulse-labeling. These data indicate that there is no precursor-product relationship between 45-kDa MPD and 35-kDa MPD.
Immunoprecipitation of 45-kDa MPD To establish whether 45-or the 35-kDa MPD is the major subunit, we performed immunoprecipitation using the crude extract of rat liver. MPD activity in the crude extract of rat liver was immunoprecipitated with anti-rat 45-kDa MPD antibody-Affigel 10 in a dose-dependent manner. More than 85% of MPD activity was depleted from the crude extract in rat liver with an excess of the antibody (Fig. 3A) . When the same amount of the above crude extract were immunoprecipitated with anti-rat 45-kDa MPD antibody-protein A, more than 85% of MPD activity was depleted from the crude extract in rat liver with 0.5 mg as well as 1 mg of the antibody (Fig.  3B) . These data indicate that 45-kDa MPD is responsible for most MPD activity in crude extract of rat liver.
After crude extract was immunoprecipitated with anti-rat 45-kDa MPD antibody-Affigel 10 (0.5 mg/ml) or anti-rat 45-kDa MPD antibody-protein A (1 mg/0.2 ml), the 45-kDa MPD of the resultant supernatant was not detected by immunoblot analysis (data not shown). Therefore we consider that the protein retaining MPD activity (15%) in the resultant supernatant was immunologically different from 45-kDa MPD. There is a high possibility that the remains of MPD in the resultant supernatant after immunoprecipitation with anti-rat 45-kDa MPD antibody-Affigel 10 or anti-rat 45-kDa MPD antibody-protein A is the 35-kDa MPD reported by Shama Bhat and Ramasarma. 6) Further studies are necessary to understand the physiological role of 45-and 35-kDa MPD.
Tissue Distribution of 45-kDa MPD Next, we examined the expression of 45-kDa MPD in rat tissues by Western blotting. As shown in Fig. 4 , 45-kDa MPD appeared as a single band with a molecular weight of 45 kDa. The specific content was determined by quantitative immunoblotting ( Table 1 ). The crude extract of brain, liver, and testis contained more 45-kDa MPD than other tissues. The crude extract of heart, lung, and kidney contained less 45-kDa MPD than other tissues. The highest level in tissue was detected in the liver, and the lowest level was detected in the heart. The brain contains more myelin than other tissues, and the testis is the major tissue in testosterone synthesis. As cholesterol is a major constituent of myelin and testosterone is synthesized from cholesterol, the brain and testis may contain more 45- kDa MPD than other tissues.
Comparison of Ratio of Activity to Amount of 45-kDa MPD in Various Tissues
To confirm the existence of isozymes, we calculated the ratio of enzymatic activity to the amount of 45-kDa MPD in brain, liver, and testis ( Table 2) . The activity/amount ratio varied among tissues, being highest in the liver and lowest in the brain. This implies the presence of a tissue-specific regulator or isozyme of 45-kDa MPD in rat liver. In this study, we did not obtain clear data showing that the protein retaining MPD activity (15%) was 35-kDa MPD. To establish the existence of an isozyme of 45-kDa MPD, purification of a protein retaining MPD activity (15%) is necessary.
In conclusion, we determined for the first time that the 45-kDa MPD is responsible for the major MPD activity in rat liver and that the liver contains the highest level of 45-kDa MPD. These data suggest that 45-kDa MPD serves as a major enzyme involved in cholesterol biosynthesis in rat liver. The present results also suggest the presence of a tissue-specific regulator or isozyme of 45-kDa MPD in rat liver. 
